Lablab (Lablab purpureus) germplasm was evaluated to identify high grain yielding and palatable accessions that were suitable for human consumption in Uganda. A preference analysis was done to identify accessions that had a high probability of being accepted by farmers. Accessions
Introduction
The dual-purpose legume species are finding greater importance in the farming
Materials and Methods
Field experiments were conducted at NARL at 1179 -1188 meters above sea level (masl) located at 0.68˚N, 32.9˚E, while the fields at the DATIC were located at 1142 masl and 0.61˚N and 34.1˚E. The lablab experiments were conducted under generally warm and dry environmental conditions at NARL (Table 1) . In absence of a weather station at DATIC-Tororo, there were no rainfall and temperature data collected. Rainfall during the research period was generally low with more than 6 months receiving less than 100 mm per months, but the average minimum and maximum temperatures did not exceed 30˚C, implying that these conditions were tolerated by lablab at NARL.
Soil samples were collected from experimental fields at depths of 0 -20 cm and 20 -40 cm. The soils were analysed in the Soil and Plant Analytical Laboratories at NARL for physical and chemical properties ( Table 2 ) following methods described by Okalebo et al. (2002) .
Field sowing of the 33 accessions at NARL and DATIC-Tororo started just after the beginning of the long rains in April 2011. Twenty five seeds of each accession were planted at a spacing of 1 m × 1 m in single row plots at a seed rate of 10 Kg/ha. One month after planting (MAP), all plants were staked with 2 m long sticks. One of the two blocks planted per experiment in each site received pesticide application (Dursban) at the rate of 1 -2 L/ha (25 -50 ml/10 L water)
once to twice per week depending on the pest incidence, while the other block was not sprayed. The experiments were repeated in 2013 at NARL and DATIC-Tororo, using 21 accessions that were high yielding and tolerant to pests and diseases. Besides pesticide application, other agronomic techniques such as weeding were carried by regular hand hoeing.
Two cycles of lablab grain palatability tests were carried out after the 2011A
and 2013A seasons by a panel of 20 farmers representing six farmer groups. The first sensory evaluation activity was carried out using 12 high yielding and pest and/or disease tolerant accessions (29399, 29400, 30701, 36019, 52518B, CQ3620, Q5427, Q6988, Lablab Uganda, 31364, Q6880B and Njahi) before and after cooking. The second evaluation was carried out with seven accessions (29400, 30701, 52518B, Q6988, Lablab Uganda, 31364 and Njahi). Dry grains (0.5 Kg) of each selected accession were measured, washed and boiled in uniform amounts of water in similar saucepans on locally made charcoal stoves, until they were fully cooked. The cooking time of each accession was recorded. Like any other pulses, the boiled grains of each lablab accession were prepared into a sauce using the same amounts of locally available ingredients including onions, tomatoes, curry powder and vegetable oil. The different sauces were served (Figure 1 ), and well labelled for the panel to test and take note as indicated below. Supplementary dishes of posho, bananas, sweet potatoes and cassava were used to eat lablab.
Twenty one morphological and agronomic attributes were assessed from 25 plants per accession (Table 3) . Following the genetic resource characterisation guidelines, accessions were not replicated and the individual plants represented experimental units [7] [14] . All agronomic data were entered and subjected to analysis of variance (ANOVA) using the Genstat 4th Edition. The Least Significant Difference test (LSD) at 5% probability level was used to separate significant means. Matrix scores ranging from 1 (very bad) to 5 (very good) were used to assess grain colour, grain size, taste, texture and flavour, whereas preference ranking were used for palatability evaluation of the different accessions before and after cooking. The matrix scores (1 -5) were analysed using Genstat, and the means were separated using the LSD (P ≤ 0.05). The logistic preference ranking was used to analyse the accession based on palatability data [colour (before and after cooking), size, taste, texture and flavour].
Results

Agronomic Performance of 33 L. purpureus Accessions
NARL and DATIC-Tororo had highly sandy soils with very low clay and silt proportions (Table 2 ), but Nitrogen (N), Organic matter (OM), Phosphorus (P) and Potassium (K) contents in Tororo soils were lower than in the Kawanda soils. Although the overall nutrient level was below the critical levels, the pH levels were above the critical values but still tolerable by lablab according to Kay, 1979 . Percent germination, days to 50% flowering, plant vigour, leafiness, plant height at 100% flowering, days to podding, days to pod maturity, harvest period, pods per plant and yield (g) per plant of all accessions were significantly different (P ≤ 0.05) in NARL and DATIC-Tororo. Although the germinability of most accessions (60.6%) was higher than the mean (71.6%), the overall range was 59% -82%, with 52506B and 52504A having the highest rate of germination. The rate of germination was higher in DATIC-Tororo (82.2%) than at NARL (61.0%) probably because rainfall started earlier in DATIC-Tororo. The trends of germination were inconsistent between the two sites, showing that accessions that had higher % germination in DATIC-Tororo were different from those that performed well in NARL (Table 4(a)).
Days to 50% flowering differed significantly during the two seasons (Table  4 (a), Table 5 (a)), and all accessions reached 50% flowering within 52 -69 days after planting (DAP) in the first season (2011A), while in the second season, the range was 56 -108 DAP. There was no significant difference among DAP taken by 75.8% of the accessions to reach 50% flowering during the first season. Although 82% of the accessions in NARL took fewer (55.5) days to reach 50% flowering; only 54% took 49 -57 days to reach 50% flowering in DATIC-Tororo (Table 4 (a)).
Seedling vigour was generally low especially in NARL (Table 4 (a)), but accession 29399 had higher seedling vigour, plant vigour and leafiness. In the second season, seedling vigour was significantly different, but below the average (2.5) for most of the accessions (Table 5 (a)). Plant vigour was positively correlated with leafiness in NARL and DATIC-Tororo where accessions (29399, 27400, 31364, 34777, 35894, 52506B, 52552, CQ3620 and CQ3621) that had higher plant vigour, also had higher leafiness.
The height of most accessions (63.6%) was below the average height (189.7 cm) at 100% flowering, which was partly attributed to the unfavourable weather showed that under favourable conditions (sufficient moisture), lablab has the ability to produce more pods for a long period. In the second season, the days to podding (62 -113) and pod maturity (76 -124) were significantly different (Table 5 (b)).
The accessions that had the longest harvest period, eventually produced the highest number of pods and yields (Table 4 (b) and Table 5 (Table 4 (b)). Plant vigour, leafiness, plant height, harvest period, pods per plant and yields, showed significant differences between the sprayed and non-sprayed plants (Table 6 and Table 7 ). Poor yields from the non-sprayed plants resulted from the high incidences of different insect pests (Anaplocnemis curvipes, Acanthomia tomentosicollis, Zonabris dicincta, Coryna apicicornis, Nematocerus castaneipennis, Alcides, Chilomenes lunata, Phloeobius humilis, Nazara viridula, Aspavia armigera and Catantops melanostictus) that severely damaged leaves, flowers, stems and pods in both sites. Some accessions were also severely damaged by Anthracnose disease caused by Choletotricum lindemuthianum.
Apart from 29803, the pod colour of 32 accessions was green of varying intensities, and most accessions had black seeds of which majority were mottled ( Table 8 ). The common seed colours observed were black, brown, dark red and cream whereas the common flower colours were white, dark purple and light purple.
Overall, accessions that had the best vegetative growth characteristics (highest plant vigour, leafiness and height at 50% and 100% flowering) were 29399, 29400, 29803, 31364, 57315, 52554, 52552, 52514, 52508, 52506B, CQ3620 and CQ3621 in the first season, and 29803, 30701, 52552, CQ3620, Q5427, Q6988 and Lablab Uganda in the second season. Based on harvest period, pods per plant and yield per plant, the best performing accessions were 29399, 29400, 29803, 30701, 31364, 52530, CQ3620, Q5427 and Q6988 in the 1 st season, while 29803, 30701, 52518B, Q6880B, 31364, CQ3621, Q5427, Q6988 and Lablab Uganda performed best in the 2 nd season.
Sensory and Palatability Evaluation of Lablab Using Matrix Scores
All parameters (grains size, colour, taste, texture and flavour) used to assess the 12 accessions selected in the first season showed significant differences. Accessions CQ3620, 29400 and 31364 selected based on high plant vigour, leafiness, CQ3620, Lablab Uganda, 31364 and Q6880B. The overall grain size and colour before cooking assessments showed that 58% -67% had above average scores.
After cooking, 80% scored ≥3, while in the second assessment, 71% accessions scored above average (Table 10 ). The best accessions identified in the first assessment were 29400, Lablab Uganda and Njahi, while in the second evaluation, Q6988, Lablab Uganda and Njahi that scored 4 -5. Based on all attributes, Njahi, Lablab Uganda, 29400, 31364 and Q6988 were the best in first season, while the final assessment determined that Lablab Uganda, Njahi, Q6988, 30701 and 29400 were the most suitable accessions for human palatability.
Graphic Comparison of Lablab Acceptance Based on Preference Ranking with Logistic Regression
Preference ranking of lablab accessions based on grain colour, taste, texture and flavour after cooking showed that the most preferred or acceptable accessions were 29400, Njahi, Lablab Uganda, 31364 and 29399. Although CQ3620 had a good colour, it was not ranked among the best five in the subsequent evaluations partly because of its bad taste, texture and flavour. The second evaluation before and after cooking indicated that there was no correlation in acceptance of accessions based on size and colour because the accessions that were best in one attributes such as colour (before cooking) were not automatically the best in the other (size). However, the most accepted accession before cooking for both P. Kankwatsa, R. Muzira Open Access Library Journal colour and size was Lablab Uganda while the least accepted was 52518B. After cooking, Njahi was the most preferred followed by 29400, Lablab Uganda, 31364
and 29399, but Lablab Uganda was consistently the best both before and after cooking in the second evaluation. The second set of preferred accessions before cooking were 31364, 29400, 30701 and Njahi whereas the best after cooking were Q6988, 30701, Njahi, 29400 and 31364. Overall, the best selected accessions in the first evaluation ( Figure 2) were Njahi, 29400, Lablab Uganda, 31364 and 29399, while in the second season they were Lablab Uganda, Q6988, 30701, 31364 and Njahi ( Figure 3 ).
The analysis of cumulative probability against ranking of the accessions evaluated in the first tests showed that three accessions (29400, Njahi and Lablab Uganda) consistently had positive intercepts based on colour, taste, texture and flavour after cooking (Table 11) . Although accessions CQ3620, 31364 and 29399 had variable intercepts with different attributes, Q6988, Q6880B, Q5427 and 36019 had negative intercepts and were probably likely to be rejected by the farmers. Therefore, the three accessions, which had positive intercepts on y-axis had high probability of being accepted by the farmers because they had palatability characteristics that were highly preferred by the panel. Similarly, the second evaluation indicated that lablab Uganda had positive intercepts throughout all the tests (Table 12) . Surprisingly, the three accessions that had be selected from the first evaluation had negative intercepts in the second evaluation implying that they had high probability of being rejected by the farmers. Based on colour before cooking, it was determined that 29400 and Lablab Uganda had positive intercepts, whereas in the case of grain size, Njahi and Lablab Uganda had positive intercepts. The after cooking results showed that Lablab Uganda 
Discussion and Conclusion
Although preference ranking and logistic regression analyses of the probabilities of acceptance of six different legume cover crops (mucuna, canavalia, lablab, crotalaria, tithonia, tephrosia) graded lablab species with low probability of being accepted or adopted due to its inability to produce sufficient seed [4] , and slow initial field establishment [15] , its multi-purpose nature made it one of the legume cover crops that can be highly preferred and probably widely adopted by farmers because of its ability to provide multiple farmers' requirements including human food [1] , animal feed [6] [16], medicine [9] , mulch [17] , weed control [18] and soil fertility improvement [19] [20].
The 33 lablab accessions differed significantly in the agronomic characteristics producing more leaves, pods and accumulate higher dry matter for yield [21] . As a growth habit of lablab, all accessions reached 50% flowering within a shorter period (55 -69 DAP), however, besides the genetic variation effect, the slow initial establishment of the different accessions, was partly attributed to lack of sufficient soil moisture [21] . Plant vigour and leafiness were positively correlated, meaning that the higher the growth vigour, the higher was the level of leaf production. Although most of the accessions that had higher plant vigour and leafiness were taller, the negative correlation between plant height and leafiness of several accessions could not be explained. The agronomic performances of the different accessions were also affected by the soil fertility status, because the performance of lablab at NARL was better than in DATIC-Tororo due the higher organic matter and water holding capacity in the NARL soils.
Previously, lablab was known to be virtually free of pests and diseases [22] , but in the current study, many accessions were severely infested by various insect pest species in both sites. Thus integration of pesticide sprays in the agronomic management of lablab resulted in significantly higher vegetative growth, podding, longer harvesting periods, and higher yields than in the non-sprayed plots.
Generally, most accession had low yields partly because of severe anthracnose infection, nevertheless, accessions 29399, 29400, 29803, 30701, 31364, CQ3620, Q5427, Q6988, 52518B, Q6880B, 31364, CQ3621 and Lablab Uganda displayed higher disease resistance levels.
Accessions 29400, Lablab Uganda, Njahi, 29399, 36019, Q5427, Q6988, 30701
and 31364 had the highest probability of being accepted due to their palatability and high yielding capacity regardless of the prevailing unfavourable environmental conditions.
The logistic regression determined that although 29400, Njahi and Lablab Uganda had positive intercepts, an implication that they had high probability of being accepted by farmers, 29400 and Njahi showed significant differences, but Lablab Uganda showed no difference. Therefore, of the 10 accessions evaluated for palatability, 29400 and Njahi had high probability of being accepted with positive intercepts and also differed statistically at P < 0.15. Nonetheless, the second analysis determined that Lablab Uganda and Q6988 had positive intercepts and differed significantly (P < 0.15) for most of the parameters.
Lablab has many benefits when included in tropical agricultural systems. The natural action of converting atmospheric N into forms available for the plant-animal-soil systems improves productivity in an inexpensive and environmentally friendly manner. This study found out that accessions 29399, 29400, 29803, 30701, 31364, CQ3620, Q5427, Q6988, 52518B, Q6880B, 31364, CQ3621 Uganda was highly scored followed by Njahi. In the second evaluation, the most preferred accessions (scored above 2.5) were Lablab Uganda, Njahi, Q6988, 30701, 29400 and 31364. Statistical analysis of the logistic regression determined that 29400, Njahi, Lablab Uganda and Q6988 showed significant differences. Finally, the accessions that had the potential for being accepted based on the logistic preference ranking analysis were Lablab Uganda, Njahi, 29400 and Q6988. These results agreed with the graphic comparison and matrix score analyses. As earlier mentioned, the best accessions identified during the first exercise were 29400, Lablab Uganda and Njahi whereas in the second evaluation Q6988, Lablab Uganda and Njahi scored highly. Accessions 29399, 36019, Q5427, Q6988, 31364, 29400 and 30701 formed the second set of preferred options. Therefore, any of the above 10 accessions can be adopted by farmers for different purposes. For further research, a study comparing the quantity of biomass produced by the different accessions would give evidence and recommendation on which accessions are most suited for biomass.
